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INTRODUCTION 
EVELOPMENTS in nuclear physics and their 
practical applications since the last Inter- 
national Congress have greatly increased the number 
and scope of potential hazards. At the same time 
biological research has led to an extension of our 
knowledge of the dangers associated with ionizing 
radiations. This increase of biological knowledge has 
not only brought a realisation of the importance of 
certain effects, particularly carcinogenic and genetic 
effects, but has also provided more information as to 
the permissible levels of radiation. The International 
Commission on Radiological Protection has there- 
fore adopted new radiation safety standards with 
more rigid criteria. Such standards must, in view of 
the still limited experience of the effects of radiation, 

be kept continually under review. 


It appears that the effects to be considered are: 

(1) Superficial injuries. 

(2) General effects on the body, particularly the 
blood and blood-forming organs, e.g., pro- 
duction of anemia and leukemias. 


(3) The induction of malignant tumours. 


(4) Other deleterious effects including cataract, 
obesity, impaired fertility, and reduction of 
life span. 

(5) Genetic effects. 

While it is still fundamental to express whole-body 
exposure in terms of a single number, it is not 
practicable, in general, in view of the complexity of 
circumstances now arising, to express the maximum 
permissible hazards in terms of a single parameter. 
It is, for example, highly desirable to derive values 
of maximum permissible concentrations of radio- 
active materials in the air or in drinking water, taking 
into account the metabolism of the materials con- 
cerned, and assuming standard anatomical, physio- 
logical, and chemical data. Furthermore, the 
previously accepted value of 1 r per week for maxi- 
mum permissible exposure to external radiation 
itself needs revision in the light of the nature of the 
radiations to which workers are now exposed. There 
is the added difficulty that the réntgen is not an 
acceptable unit of dose for all ionizing radiations. 
Accordingly, the following recommendations are 
based on considerations of the equivalent energy 
absorbed in tissue coupled with the appropriate 
relative biological efficiency. 

Whilst the values proposed for maximum permis- 
sible exposures are such as to involve a risk which is 
small compared to the other hazards of life, never- 


theless in view of the unsatisfactory nature of much 
of the evidence on which our judgments must be 
based, coupled with the knowledge that certain 
radiation effects are irreversible and cumulative, it is 
strongly recommended that every effort be made to 
reduce exposures to all types of ionizing radiations 
to the lowest possible level. 


EXxposuRE TO EXTERNAL RADIATION 
1. Exposure of individuals to X, y, and B radiation 
(a) Whole-body exposure 


A careful consideration of the deleterious bio- 
logical effects enumerated in the Introduction, in the 
light of observations on man and of the experimental 
data on animals, has led to the conclusion that, in so 
far as the well-being of the individual is concerned, 
the most dangerous effects of external radiation are 
probably those on the blood-forming organs. 
Although the dose to these organs is regarded as a 
fundamental quantity, for practical reasons the 
maximum permissible exposure is best stated in 
terms of the surface dose per week. The figure of | r 
per week previously adopted by the International 
X-ray and Radium Protection Commission seems 
very close to the probable threshold for adverse 
effects, particularly for radiations of high energy 
which are more frequently encountered than for- 
merly. A reduction of surface dose is therefore called 
for. For these reasons and for those previously out- 
lined in the Introduction, it is recommended that:— 


(i) In circumstances under which the whole body 
may be exposed over an indefinite period to X or 
y radiation of quantum energy less than 3 MeV, 
the maximum permissible dose received by the 
surface of the body shall be 0-5 réntgen in any 
one week, This dose corresponds to 0-3 r per 
week measured in free air. 

(ii) In the case of high energy B rays, the maximum 
permissible exposure of the surface of the body in 
any one week shall be the energy flux of B radia- 
tion such that the absorption per gramme of 
superficial tissues is equivalent to the energy 
absorption from 1-5 réntgen of hard y rays. 

For purposes of calculation, the superficial 
tissues concerned shall be assumed to be the basal 
layer of the epidermis, defined conventionally as 
lying at a depth corresponding to 7 mg/cm.* 


(8) Critical tissues 

The recommendations relating to exposure to 
external radiation are primarily framed in relation to 
exposure of the whole body. Nevertheless, a greater 
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exposure should not be permitted for irradiation 
confined to a particular organ or tissue, except in the 
case of the hands and forearms. Measurements may 
be made either in air or at the surface of the body 
with backscatter, and it is estimated that the surface 
dose of 0-5 r of penetrating electro-magnetic radia- 
tion would correspond roughly to 0-3 r at the critical 
tissue, namely, the blood-forming organs conven- 
tionally assumed to lie at a depth of 5 cm. below the 
surface. This figure of 0-3 r is the fundamental figure 
which is thought appropriate for the irradiation of 
any critical tissue, with the one obvious exception of 
the skin. 
(c) Partial exposure 
It is recommended that:— 
In the case of exposure of the hands and fore- 
arms to X, y, and. 8 radiation, the maximum 
permissible dose shall be 1-5 r (or its energy 
equivalent) in any one week at the basal layer 
of the epidermis, defined conventionally as lying 
at a depth corresponding to 7 mg/cm.” 
2. Whole-body exposure of individuals to neutrons 
The International Commission on Radiological 
Protection considers that the maximum permissible 
energy absorption per gramme of tissues exposed to 
fast neutrons should not be greater than one-tenth 
of that permitted for high energy quantum radiation. 
The Commission is presently in the process of 
collecting data as a basis for future numerical 
recommendations. 


ExposurE TO INTERNAL RADIATION 


3. Whilst the Commission does not, at the moment, 
consider that there is sufficient information to make 
firm recommendations concerning maximum per- 
missible exposures to internal radiation from radio- 
active isotopes, it brings to the notice of users of 
radioactive isotopes values which are commonly 
used, at the present time, in the United States of 
America, Canada, and Great Britain. These values 
appear in the supplementary document prepared 
and circulated by the Commission (see below). 

The Commission will continually review these 
values as new information becomes available, and 
will, if necessary, circulate amended values. 


I. WorKING CONDITIONS 


4. The following conditions are recommended for radia- 

tion workers:— 

(a) The amount of radiation received by operators should 
be systematically checked to ensure that the maxi- 
mum permissible dose is not exceeded. For this 
purpose, photographic films or small ionization con- 
densers should be carried on the person. 

(b) In addition, radiation workers should be systemati- 
cally submitted, both on entry and subsequently, to 
expert blood examinations every three months, and to 
medical and general examinations once a year, special 
attention being paid to the hands. These examinations 
will determine the acceptance, refusal, limitation or 
termination of occupation involving radiation ex- 
posure. 


II. GENERAL X-Ray AND Rapium 
RECOMMENDATIONS 


5. All rooms should be provided with adequate ventila- 
tion. In certain climates it may be necessary to have recourse 
to air conditioning. For rooms of normal dimensions, say 
3000 cubic ft. (90 cubic metres), in which corona-free 
apparatus is installed, the ventilating system should be 
capable of renewing the air of the room not less than six 
times per hour, while up to ten times may be required when 
the apparatus is not corona-free. Large rooms require pro- 
portionately fewer changes of air per hour than small ones. 
Air inlets and outlets should be arranged to afford crosswise 
ventilation of the room. 

6. All rooms should preferably be decorated in light 
colours. 

7. A working temperature of about 18°-22°C. (65°-72°F.) 
is desirable in X-ray rooms. 

8. X-ray rooms should be large enough to permit a con- 
venient lay-out of the equipment. A minimum floor area of 
250 sq. ft. (25 sq. metres) is recommended for X-ray rooms, 
and 100 sq. ft. (10 sq. metres) for darkrooms. Ceilings 
should be not less than 11 ft. (3-5 metres) high. 

9. High-tension generators having exposed high-tension 
systems should preferably be placed in a separate room from 
the X-ray tube. 


III. X-Ray PROTECTIVE RECOMMENDATIONS 


10. An X-ray operator should on no account expose him- 
self to a direct beam of X rays. 

11, An operator should place himself as remote as practi- 
cable from the X-ray tube. It should be borne in mind that 
valve tubes are capable of producing X rays. 

12. The X-ray tube should be self-protected, or other- 
wise surrounded as completely as possible with protective 
material of adequate lead equivalent. 

13. Barriers of protective material against primary and 
secondary radiation should be erected and should be of 
sufficient thickness to reduce the radiation level at any point 
of occupancy to the permissible levels stated above. 


(A) Diagnostic work 

14. In the case of diagnostic work with other than com- 
pletely protected tubes, the operator should be afforded 
additional protection from stray radiation by a screen of a 
minimum lead equivalent of 1 mm. 

15. Screening examinations should be conducted as 
rapidly as possible with minimum intensities and apertures, 
particularly when fractures are reduced under X rays. 
Palpation with the hand should be reduced to the minimum. 

16. The lead glass of fluorescent screens should be of 
sufficient thickness to reduce the radiation to the per- 
missible level. 

17. In the case of screening stands, the fluorescent screen 
should, if necessary, be provided with a protective ‘“‘sur- 
round”’, so that adequate protection against direct radiation 
is afforded for all positions of the screen and diaphragm. 

18. Screening stands and couches should provide ade- 
quate arrangements for protecting the operator against 
scattered radiation from the patient. 

19. Protective gloves, which should be suitably lined with 
fabric or other material, should have a protective value not 
less than $ mm. lead throughout both back and front (in- 
cluding fingers and wrist). Protective aprons should have a 
minimum lead value of 4 mm. 


(B) Treatment 

20. In the case of X-ray treatment, the operator is best 
stationed completely outside the X-ray room behind a pro- 
tective wall, the lead equivalent of which will depend on the 
circumstances. In the case of a single X-ray tube excited by 
voltages up to 200 kV, the protective wall should have a 
minimum lead equivalent of 2 mm. This figure should be 
increased in the case of higher exciting voltages or of heavy 
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tube-currents so as to reduce the radiation at any point of 
occupancy to the agreed permissible level. In such event the 
remaining walls, floor, and ceiling may also be required to 
provide supplementary protection for adjacent occupants to 
an extent depending on the circumstances. Full protection 
should be provided in all those directions in which the 
direct beam can operate. 

Inspection windows in screens and walls should have 
protective lead values equivalent to that of the surrounding 
screen or wall. 

21. In those cases in which an X-ray tube is continuously 
excited, and treatment periods are regulated by means of a 
shutter, some form of remote control should be provided for 
the shutter, to ensure that the operator is not exposed to 
direct radiation while manipulating the shutter or filter. 

22. Efficient safeguards should be adopted to avoid the 
omission of a metal filter in X-ray treatment, for example, by 
an interlocking device or by continuously measuring the 
emergent radiation. Protective screens and applicators 
(cones) used in treatment to define the ports of entry of 
X-ray beams should be sufficiently thick to reduce the 
dosage-rate outside the direct field of irradiation to less than 
2 per cent. of that of the direct beam. 


IV. ELecTRICAL PRECAUTIONS IN X-Ray Rooms 


23. The floor-covering of the X-ray rooms should be of 
insulating material such as wood, rubber, or linoleum. 

24, Where permanent overhead conductors are employed, 
they should be not less than 9 ft. (3 metres) from the floor. 
They should consist of stout metal tubing or other corona- 
less type of conductor. The associated connecting leads 
should be of coronaless wire kept taut by suitable rheo- 
phores. 

25, Wherever possible, earthed guards or earthed sheaths 
should be provided to shield the more adjacent parts of the 
high-tension system. Unshielded leads to the X-ray tube 
should be in positions as remote as possible from the 
operator and the patient. The use of “shockproof” X-ray 
equipment, in which the high-tension circuit is completely 
enclosed in earthed conductors, is recommended. In all 
cases, however, indiscriminate handling of X-ray tubes 
during operation should be forbidden. Unless there are 
reasons to the contrary, metal parts of the apparatus and 
room should be efficiently earthed. 

26. Main and supply switches should be very accessible 
and distinctly indicated. They should not be in the prox- 
imity of the high-tension system, nor should it be possible 
for them to close accidentally. The use of quick-acting, 
double-pole circuit breakers is recommended. Over- 
powered fuses should not be used. If more than one 
apparatus is operated from a common generator, suitable 
high-tension, multi-way switches should be provided. In 
the case of some of the constant-potential generators, a 
residual charge is held by the condensers after shutting 
down, and a suitable discharging device should, therefore, 
be fitted. Illuminated warning devices which operate when 
the equipment is “alive” serve a useful purpose. The staff 
should be trained in the use of first-aid instructions dealing 
with electrical shock. If foot switches are used, they should 
be connected in series with an ordinary switch, and should 
be so designed that they cannot be locked to keep the circuit 
“alive”, and are not capable of being closed accidentally. 

27. Some suitable form of kilovoltmeter should be pro- 
vided to afford a measure of the voltage operating the K-ray 
tube. 

28. Low flash-point anesthetics should never be used in 
conjunction with X rays. 


V. Fitm STORAGE PRECAUTIONS 


29. The use of non-inflammable X-ray films is strongly 
recommended. In the case of inflammable films, suitable 


precautions should be taken as regards their use and storage. 
Large stocks should be kept in isolated stores, preferably in 
a separate building or on the roof. 


VI. Rapium ProtTecTivE RECOMMENDATIONS 


(A) Radium salts 

30. Protection for radium workers is required from the 
effects of:— 

{a) 8 rays upon the hands. 

(6) y rays upon the internal organs, vascular and repro- 

ductive systems. 

31. In order to protect the hands from rays, reliance 
should be placed, in the first place, on distance. The radium 
should be manipulated with long-handled forceps, and 
should be carried from place to place in long-handled boxes, 
lined on all sides with at least 1 cm. of lead. All manipula- 
tions should be carried out as rapidly as possible. 

32. Radium, when not in use, should be stored in a safe, as 
distant as possible from the personnel. It is recommended 
that the safe should be provided with a number of separate 
drawers individually protected. In the table below will be 
found the thicknesses of lead which will reduce the radiation 
to permissible levels at various distances from the source. 

33. A separate room should be provided for the ‘“make- 
up” of screened tubes and applicators, and this room should 
only be occupied during such work. 

34. In order to protect the body from the penetrating 
y rays during handling of radium, a screen of not Jess than 
2-5 cm. of lead should be used, and proximity to the radium 
should only occur during actual work, and for as short a 
time as possible. 

35. The measurement room should be a separate room, 
and it should preferably contain the radium only during its 
actual measurement. 

36. Nurses and attendants should not remain in the same 
room as patients undergoing radium treatment with quanti- 
ties exceeding 4 gramme. 

37. All unskilled work, or work which can be learnt in a 
short period of time, should preferably be carried out by 
temporary workers, who should be engaged on such work 
for periods not exceeding six months. This applies especially 
to nurses and those engaged in ‘“‘making-up” applicators. 

38, Radium containers should be tested periodically for 
leakage of radon. Prejudicial quantities of radon may other- 
wise accumulate in radium safes, etc. containing a number 
of leaky containers. 

39. Information regarding the quantity of radium and 
type of transport container, which will be accepted for 
transmission by land, sea, or air, should be obtained from 
the appropriate Transport Authorities in the individual 
countries. 


(B) Radon 

40. In the manipulation of radon, protection against B and 
y rays is required, and automatic or remote controls are 
desirable. 

41, The handling of radon should be carried out, as far as 
possible, during its relatively inactive state. 

42, Precautions should be taken against excessive gas 
pressures in radon plants. The escape of radon should be 
very carefully guarded against, and the room in which it is 
prepared should be provided with an exhaust fan controlled 
from outside the room. 

43, Where radon is-likely to come in direct contact with 
the fingers, thin rubber gloves should be worn to avoid con- 
tamination of the hands with active deposit. Otherwise the 
protective measures recommended for radium salts should 
be carried out. 

44, The pumping room should preferably be contained in 
a separate building. The room should be provided with a 
connecting tube from the special room in which the radium 
is stored in solution. The radium in solution should. be 
heavily screened to protect people working in adjacent 
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rooms. This is preferably done by placing the radium solu- 
tion in a lead-lined box, the thickness of lead recommended 
being according to the table below. 

(C) Radium-beam therapy 

45. The risks to the operator attendant on the use of large 
quantities of radium in radium-beam therapy may be largely 
obviated if some system of remote control is adopted by 
which the radium is only introduced into the “bomb” after 
the latter has been adjusted in position on the patient. If 
such arrangements are not available the importance of 
expeditious handling is stressed. 

46. Rooms used for radium-beam therapy should provide 
adequate protection for adjacent wards and rooms in 
permanent occupation. 

In the following table are given the lead thicknesses 
required to ensure that the maximum permissible level is 
not exceeded. 


ae Thickness of Lead to Give Weekly Maxi- 
Radium| mum Permissible Dose at the Following 
(0-5mm. Distances from the Source 
Pt 
screen) | 20cm. | 50cm. | 1 metre | 2 metres | 5 metres 
- 
gm. cm. cm. cm. cm. cm 
0-1 10-0 6-0 3:5 1-0 0 
0-2 11-5 75 4-5 2-0 0 
0-5 13-5 9-5 6-5 4-0 0-5 
1-0 15-0 11-0 8-0 o0 1-5 
2-0 16-0 12-5 9-5 65 | 3-0 
5:0 18-0 14-5 11-5 8-5 4-5 
10-0 19-5 16-0 13-0 10-0 6-0 


J 
Data may very conveniently be represented in a nomograph 
showing amounts of radiation through lead barriers at 
different distances from the source. 


RECOMMENDATIONS FOR INTERNATIONAL 

SUB-COMMITTEES ON RADIATION PROTECTION 

AND FOR CORRESPONDING NATIONAL COM- 
MITTEES AND SUB-COMMITTEES 


1. In order to facilitate the work of the International 
Commission on Radiological Protection, which has become 
so arduous that a single small committee cannot compass the 
whole field, it is proposed to establish a number of sub- 
committees to carry out detailed studies in specialised fields 
between the Congresses. The chairmen of these sub-com- 
mittees need not necessarily be chosen from the membership 
of the International Commission on Radiological Protection. 

The sub-committees suggested are as follows:— 

1. Permissible dose for external radiation. 

2. Permissible dose for internal radiation. 

3. Protection against X rays generated at potentials up to 

2 million volts. 
4. Protection against X rays above 2 million volts, and 
B rays and y rays. 

5. Protection against heavy particles, including neutrons 

and protons. 

6. Disposal of radioactive wastes; handling of radio- 

isotopes. 

2. It is further proposed that the International Com- 
mission on Radiological Protection recommend that all 
interested countries establish, each for itself, a central 
national committee to deal with problems of radiation pro- 
tection—such a central committee to have sub-committees 
matching those of the International Commission on Radio- 
logical Protection as Closely as their circumstances permit. 

3. So far as possible, members of the International sub- 
committees should be selected from the corresponding sub- 
committees of the various national committees. 

4, On matters of policy and formal agreements, com- 
munication will be from the central national committee to 


the International Commission. It is, however, recommended 
that direct communication on technical matters may be 
conducted between the corresponding national and inter- 
national sub-committees. 


PROPOSED RULES GOVERNING THE SELECTION 
AND WORK OF THE INTERNATIONAL 
COMMISSION ON RADIOLOGICAL PROTECTION 


1. (a) The International Commission on Radiological 
Protection (I.C.R.P.) shall be composed of not more 
than twelve members. The selections shall be made 
by the International Executive Committee (I.E.C.) 
from a list of nominations submitted by the national 
delegations and by the International Commission on 
Radiological Protection itself. Members of the 
I.C.R.P. shall be chosen on the basis of their recog- 
nised activity in the fields of radiology, radiation 
protection, physics, biology, genetics, biochemistry, 
and biophysics, without regard to nationality. 

(b) The members of the I.C.R.P. shall be selected during 
one International Congress to serve through the 
succeeding Congress. Not less than 2, but not more 
than 4, members of the J.C.R.P. shall be changed at 
each Congress. In the intervening period a vacancy 
caused by conditions beyond the control of the I.E.C. 
shall be filled on the recommendation of the I.C.R.P. 

(c) In the event of a member of the I.C.R.P. being unable 
to attend the I.C.R.P. meetings, a substitute may be 
selected by the I.C.R.P. as a temporary replacement. 
Such a substitute member shall not have voting 
privileges at the meetings unless specifically author- 
ised by the I.E.C. 

(d) The I.C.R.P. shall be permitted to invite individuals 
to attend its meetings to give special technical advice. 
Such persons shall not have voting privileges, but 
may ask permission to have their opinion recorded in 
the minutes. 

2. The continuance of the policies and records of the 
I.C.R.P. shall be in the hands of a Secretary of the I.C.R.P. 
elected by the I.C.R.P. from among its regular members and 
subject to the approval of the I.E.C. 

3. The I.C.R.P. shall familiarise itself with progress in 
the whole field of radiation protection. The Secretary shall 
be responsible for the preparation of a programme to be 
submitted to the Commission for discussion at its meetings. 
Preliminary reports shall be prepared and circularised to all 
members of the I.C.R.P. and other specially qualified 
individuals at least six months before the meeting of the 
Congress. 

4, The Chairman shall be elected by the I.C.R.P. six 
months in advance of the Congress. The choice shall not be 
limited to the members of the I.C.R.P. or to the country in 
which the Congress is held. Such a Chairman shall be a 
member of the I.C.R.P. ex officio, but for the period of the 
Conference only. Meetings between Congresses shall be 
presided over by the Secretary or other member selected by 
the I.C.R.P. 

5. Decisions of the I.C.R.P. shall be decided by a majority 
vote, with the Chairman casting the deciding vote in case of 
a tie. A minority opinion may be appended to the minutes 
of a meeting if so desired by any member and upon his 
submission of same in writing to the Secretary. 


MEMBERS OF THE INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION PREPARING THE ABOVE 
REPORT 


Sir ErRNEst Rock CaRLING Chairman Great Britain 
L.S. Tay tor, Acting Secretary, United States of America 
W. Binks, Great Britain W. V. Mayneorp, Great Britain 
E. L. Cuéricié, France R. R. NEWELL, United States of 
America 
A. J. Cipriani, Canada_R. Sievert, Sweden 


R. G. JAEGER, Germany 
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SUPPLEMENT ON 
MAXIMUM PERMISSIBLE AMOUNTS OF RADIOACTIVE ISOTOPES 


HE I.C.R.P. finds that, at present, it is not in a 

position to make firm recommendations regard- 
ing the maximum permissible amounts of radioactive 
isotopes that may be taken into, or retained in the 
body. It is possible, however, on the basis of the 
general principles set forth in “International Recom- 
mendations on Radiological Protection”, as revised 
by the I.C.R.P. at the Sixth International Congress 
of Radiology, July 1950, to make reasonable calcula- 
tions of the maximum permissible amounts of 
several of the more important radioactive isotopes. 

In the meantime the I.C.R.P. draws attention to 
the following data on maximum permissible ex- 
posures to radioactive isotopes for occupational 
workers, presently used in the United States of 
America, Canada, and the United Kingdom. The 
radioactive isotopes can enter the body either by 
inhalation, or by ingestion. Accordingly, figures are 
also given for the maximum permissible levels 
(m.p.1.) of various isotopes in air and in liquid media. 


Ra?6 

Clinical observations on chronic radium poisoning 
in man indicates that the most serious effects are 
anemia and damage to bone, including osteogenic 
sarcoma. Both effects appear to have a threshold of 
the order of Ic. (microcurie) fixed in the skeleton. 
Accordingly, it is accepted that:— 


(a) The maximum permissible amount of radium 
fixed in the body is Q-1pre. 

(b) For radium appearing in the atmosphere as a 
soluble aerosol, assuming that 25 per cent. of the 
inhaled amount is absorbed and that 25 per cent. 
of the absorbed amount is retained with a mean 
life of about 10* days, the maximum concentra- 
tion in air for soluble compounds is 8 x 10-% 
pe/ec. 

(c) If radium enters the body through liquid media, 
assuming 10 per cent. of the ingested amount is 
retained with a mean life of about 10* days, the 
maximum permissible concentration of the liquid 
is 4 x 10-8ue/c.c. 


Pu289 

On the basis of the relative biological effects of 
plutonium and radium, as observed in animal 
experiments, it is accepted that:— 

(a) The maximum permissible amount of Pu®®® fixed 

in the body is 0-04pc. 

For soluble compounds of plutoniuin in the 
atmosphere, it is estimated that 10 per cent. of the 
inhaled material is absorbed, with a mean life of 
104 days. The maximum permissible concentration 
in air is, therefore, 2 x 10-!uc/c.c. 

For insoluble compounds, it is estimated that the 
mean life in the lungs is 200 days. If the irradiation 
of the lungs by a rays were limited to the biological 


equivalent of 0-3 r per week, the corresponding con- 
centration of the plutonium in air would be 7-5 x 
10-12,c/c.c. In view of the possibility of the trans- 
ference of some of the insoluble material from the 
lungs to the skeleton, it is suggested that:— 

(b) The maximum permissible concentration of Pu®*® 
in air is 2 X 10-2uc/c.c., for soluble and in- 
soluble compounds. 

(c) For Pu®*® in liquid media, assuming that 0-1 per 
cent. of the ingested amount is retained in the 
skeleton with a mean life of 104 days, the maxi- 
mum permissible concentration is 1-5 x 10-8 


pe/e.c. 


Sr®9 and Sr°° (+ Y°°) 

On the basis of the observed relative biological 
effects of Sr®® and Ra on animals, it is accepted that: 

(a) The maximum permissible amount of Sr®* in the 
body is 2-Ouc. 

Since the combined disintegration energy of the 
Sr9° + Y°° pair is twice that of Sr®®, the maximum 
amount of Sr®° which can be permitted in the body 
is only one-half that of Sr®*. Accordingly:— 

(b) The maximum permissible amount of Sr°° in the 

body is 1-Ouc. 
If strontium is assumed to behave like radium as 
regards uptake, then 

{c) For Sr®° in air, assuming that 25 per cent. of the 
inhaled amount is absorbed and 25 per cent. of 
the absorbed amount is retained with a mean life 
of about 15 years, the maximum permissible 
concentration 1s 2 X 10-!ne/c.c. 

(d) For Sr®° in liquid media, assuming 10 per cent. 
of the ingested amount is retained with a mean 
life of about 15 years the maximum permissible 
concentration is 8 X 10-"yc/c.c. 


Natural uranium 

As the specific activity of natural uranium is so 
low, it is considered that the hazards arising from its 
use are mainly chemical. 


Po) 

Although polonium is not a bone-seeking isotope, 
some data exist on its toxicity relative to radium in 
animals. On this basis, it is accepted that:— 

The maximum permissible amount of Po™® in 
the body is 0-005. 


HS 

It is assumed that tritium will be encountered in 
chemical forms in which free exchange takes place 
with ordinary hydrogen in the aqueous vapour in 
the lungs. If the mean energy of the f radiation is 
5-5 kV, a concentration of 0-14 wc per gramme of 
tissue will result in the biological equivalent of 0-3 r 
per week. The mean life of H3 in the body is taken 
to be 10 days. A concentration of 0-14 wc/gramme 
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of tissue corresponds to 10 mc. uniformly distri- 
buted in the 70 kg. of the Standard Man. It is, 
therefore, accepted that:— 


(a) The maximum permissible amount of H? in the 
body is 10 me (millicurie). 

(b) The maximum concentration of H® in air, based 
on a permissible daily intake of | mc. and com- 
plete absorption in the lungs, is 5 x 10-5ye/c.c. 

(c) The maximum concentration of H* in liquid 
media, based on a permissible daily intake of 


1 mc., and complete absorption in the body, is 
0-4 pe/e.c. 


C14 (as CO, in air) 

A rate of energy absorption biologically equivalent 
to 0-3 r per week would be produced by 0-014 yc of 
C'4 per gramme of tissue. If the highest proportion 
of carbon in any tissue is 50 per cent., then the 
maximum permissible concentration of C!4 in 
carbon in the body is 0-028 uc per gramme of 
carbon. The postulated route of entry of C14 into 
the body is via the alveoli of the lungs, and the iso- 
topic concentration in the alveolar air which must, 
therefore, be limited to 0-028 wc. per gramme of 
carbon. Since alveolar air contains 5-5 per cent. by 
volume of carbon dioxide, the maximum permissible 
concentration of C!4 in the CO, of the alveolar air is 
about 1 x 10-8 yc/c.c. 

Accordingly:— 


The maximum permissible concentration of C14 
as carbon dioxide in air is 1 x 10-8 we/e.c. 


Na24 

The energy (8 and y) absorbed in the body per 
disintegration of Na*4 is estimated to be 2-7 MeV. 
Since sodium is uniformly distributed throughout 
the body:— 


(a) The maximum permissible amount of Na*4 in the 
body, corresponding to a dose-rate biologically 
equivalent to 0-3 r per week, is 15 psc. 


Since biological excretion may be neglected in 
comparison to the radioactive decay, for which the 
mean life is 0-8 day:— 

(b) For Na*4 in liquid media, the maximum per- 

missible concentration, assuming complete absorp- 
tion, is 8 X 10-3 pe/e.c. 


p32 

Experimental and clinical data in man show that 
at times of the order of the mean life of P®, z.e., 
about 20 days, the concentration of P®? in red bone 
marrow reaches a value only about three times the 
average concentration for the whole body. As most 
of the P® is still diffused throughout the body, a 
dose-rate biologically equivalent to 0-3 r per week in 
the critical tissue (red bone marrow) is, therefore, 
produced by a total quantity of approximately 25 pc 
of P®2 in the whole body. In order to allow for the 
possible occurrence of higher local concentrations in 
bone marrow:— 


(a) The maximum permissible amount of P** in the 
body is 10 pe. 

(b) The maximum permissible concentration of P** 
in liquid media assuming that 100 per cent. is 
absorbed and that the biological excretion can be 
neglected in comparison to the radioactive decay, 
is 2 x 10-4 wc/c.c. 


C089 

Making the assumption that all the cobalt which 
is absorbed is deposited in the liver and that the 
effective energy in the liver is 1-3 MeV per dis- 
integration, the amount of Co®® to give a dose-rate 


Sr®® ci4 
Ra226 Pu?23? Sr8? (+Y%) Po?1¢ H? (as CO, Na?4 ps Co ps. 
in air) ) 

M.p.1. in body (yc) 0-1 0:04 2-0 1-0 0-005 | 1 x 104 —_ 15 10 1 0-3 
(0-18 in 
thyroid) 

Effective mean life 104 104 _ 5000 — 10 — 0:8 20 20 12 

(days) 
Permissible daily de- ee ; 
position in body 10 4x1o°} — }2x10*] — Jix108} — 20 0-5| 0:05 | 0-015 
(uc) (to thy- 
roid) 

Proportion absorbed 

via lungs and re- 0-06 O-1 _ 0-06 — 1 — — — _— 0-2 

tained in body (to thy- 

. . —12 —12 10 5 6 roid) , 

M.p.1. in air (uc/e.c.) | 8x 10771 2x 10 — |2x10- 5x10"|1 x 10— — —_ — 3x10 
Proportion retained 

from gut O-1 0-001; — 0-1 _— 1 —_— 1 1 1 0:2 
M.p.L. in liquid 4x10°11-5x107 — |8x1077) — 04] — |8x10-%2x10~%1x10°} 3x10 

media (c/c.c.) 
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biologically equivalent to 0-3 r per week is 1 jc. 
It is, therefore, accepted that:— 

(a) The maximum permissible amount of Co®® in the 
body is | pec. 

(6) The maximum permissible concentration of Co® 
in liquid media, assuming 100 per cent. absorp- 
tion and a half life in the liver of 20 days, is 
1 xX 10-5 ye/e.c. 

y'st 


The energy absorbed in the thyroid gland per dis- 
integration of I13! is estimated to be 0-27 MeV, and 
so the amount of I?*! in the gland to give a dose-rate 
biologically equivalent to 0-3 r per week, is 0-18 xc, 
which would correspond to about 0-3 jvc in the body. 
It is, therefore, accepted that:— 

(a) The maximum permissible amount of I'31 in the 

body is 0-3 uc. 

(6) The maximum permissible concentration of ['* 
in air, assuming that 100 per cent. is absorbed, 
that 20 per cent. of the absorbed amount is 
deposited in the thyroid, and that biological 
excretion from the gland can be neglected in com- 
parison to radioactive decay, is 3 x 10-%uc/c.c. 

(c) The maximum permissible concentration if [1 
in liquid media, assuming that 100 per cent. is 
absorbed, that 20 per cent. of the absorbed 
amount 1s deposited in the thyroid gland, and 
that biological excretion from the gland can be 
neglected in comparison to radioactive decay, is 
3 xX 10-5 pe/e.c. 

All the preceding permissible amounts of isotopes 

refer to occupational exposure, and are summarised 
in the previous table. 


APPENDIX I 


STANDARD Man 
(a) Mass of organs 


Organs Grammes 
Muscles . . Sng we os ne -» 30,000 
Skeleton, Bones ss a oie si 7,000 

Red marrow = fs ths 1,500 

Yellow marrow ne ies ws 1,500 
Blood... ie se we ot os 5,000 
Gastro-intestinal tract .. ae a is 2,000 
Lungs .. ah a 7 ae “4 1,000 
Liver ae sie oh sid es i 1,700 
Kidney .. oo is set ae ie 300 
Spleen .. = es ae pes sis 150 
Pancreas i a a ws ts 70 
Thyroid a ae ie Sa a 20 
Testes .. ‘3 7 a 58 ats 40 
Heart... bs de ee a ae 300 
Lymphoid tissue ie cH st = 700 
Brain... es is a i no 1,500 
Spinal cord vs ae ae an a 30 
Bladder a aa a “a sy 150 
Salivary glands : si - ma 50 
Eyes = id he oh i bx 30 
Teeth .. a : aa - oe 20 
Prostate .. - : us ot ae 20 
Adrenals 2 id edi - Ae 20 
Thymus as a s% os oe 10 
Skin and subcutaneous tissues ae ae 8,500 
Other tissues and organs not separately defined 8.390 

Total body weight... ys -. 70,000 


(8) Chemical composition 


Element 


Oxygen 
Carbon 
Hydrogen 
Nitrogen 
Calcium 
Phosphorus 
Potassium 
Sulphur 
Sodium 
Chlorine 
Magnesium 
Iron 
Manganese 
Copper 
Iodine 


January 1951 


Proportion Approximate mass in 


per cent. grammes in the body 
65-0 45,500 
18-0 12,600 
10-0 7,000 
3-0 2,100 
1-5 1,050 
1:0 700 
0-35 245 
0-25 175 
0-15 105 
0-15 105 
0-05 35 
0-004 3 
0-0003 0-2 
0-0002 O-1 
0-00004 0-03 


The figures for a given organ may differ considerably from 
these averages for the whole body. For example, the nitrogen 
content of the dividing cells of the basal layer of skin is 
probably nearer 6 per cent. instead of 3 per cent. 


(c) Applied physiology 


Average data for normal activity in a temperate zone. 


(i) Water balance 


As fluids 


Daily water intake 
In food (including water of oxidation) 1-0 litre 


15 ,, 


Total 2:°5 litres 


Calculations of maximum permissible levels for 
radioactive isotopes in water have been based on the 
total intake figure of 2-5 litres per day. 


Daily water output 


Sweat 0-5 litre 
From lungs 0-4 ,, 

In feces 01 ,, 
Urine .. 15, 

Total 2°5 litres 

Total water content of body 50 litres 


(ii) Respiration 


Area of respiratory tract 


Respiratory interchange area 50 sq. metres 
Non-respiratory area (upper 

tract and trachea to 

bronchioles) 


20 mn 


Total 70 sq. metres 


Respiratory exchange 


Hours 
Physical per 
Activity day 


Tidal 
Air 
(litres) 


At work 


1-0 


Volume |Volume 
Resp. | per 8 per 
per hours day 
minute} (cu. (cu. 
metres) | metres) 


Not at work 16 
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Carbon dioxide content (by volume) of air 
Inhaled air (dry, at sea level) ..  0:03% 
Alveolar air. . A we Pee 4 
Exhaled air 


(iii) Retention of particulate matter in the lungs 
In those cases where specific data are lacking, the 
convention has been adopted that 50 per cent. of any 
zerosol reaches the alveoli of the lungs. If the 
particles are soluble, they have been considered to 
be completely absorbed; if insoluble, then the 50 
per cent. amount has been regarded as retained for 
24 hours, after which only half of it, z.e., 25 per cent. 
of the inhaled amount, is retained zn situ indefinitely. 


(d) Duration of exposure 
(i) Duration of occupational exposure 
The following figures have been adopted in calcula- 
tions appertaining to occupational exposure: 
8 hours per day 
40 hours per week 
50 weeks per year 


(ii) Duration of “lifetime” for non-occupational exposure 
A conventional figure of 70 years has been adopted. 


APPENDIX II 
RELATIVE BIOLOGICAL EFFICIENCY 


The relative biological efficiency of any given radiation 
has been defined by comparison with the y radiation from 
radium filtered by 0-5 millimetres of platinum. It has been 
expressed numerically as the inverse of the ratio of the doses 
of the two radiations (in ergs. per gramme of tissue) required 
to produce the same biological effect under the same con- 
ditions. It has been assumed, for purposes of calculation, 
that the relative biological efficiency of a given radiation is 
the same for all effects mentioned in the Introduction, with 
the single exception of gene mutations. 


The following values have been adopted: 


Relative 
Biological 
Efficiency 


Radiation 


y rays from radium (filtered by 0-55 
mm. Pt.) .. “ iy 7 
| 1-0 


X rays of energy 0:1 to 3-0 MeV... {| 
Brays .. 
Protons 53 ae oe ee | 10 


Fast neutrons of energy not greater 
than 20 MeV oa os bs 10 


arays .. a ie a ey 20 


The effective figure for slow neutrons should be derived 
in any given case from an evaluation of the separate contri- 
butions to the biological effect by protons arising from the 
disintegration of the nitrogen nuclei and by y rays arising 
from the capture of neutrons by hydrogen nuclei. 
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